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Abstract: Electric connected automated vehicle (CAV) shuttles as a part of sustainable microtransit system have 
the potential to fill public transit service gaps. Following technology and traveler acceptance tests that are 
underway around the world, mass produced CAVs will be considered for shared mobility service, including 
“first/last mile” travel between public transit hub stations and medical campuses or other activity centers. There 
is a need for knowledge on treating risk in such applications. This paper covers planning and economic 
feasibility of advanced technology level 4 automated vehicle-based microtransit system considering uncertain 
service and economic feasibility factors. Methods are advanced for addressing uncertainties in travel demand, 
service factors, and economic feasibility of investments by public and private sector entities. Specifically, a 
probability-based macro simulation approach is used to treat demand and supply-side service factors as 
stochastic and is adapted for risk analysis in financial decision making. The effects of uncertain life cycle costs 
on fares and rate of return are described. Results are favorable regarding the technical and economic feasibility 
of advanced technology-based microtransit first/last mile service. The findings reported here are a contribution 
to knowledge on feasibility of implementing CAV-based first/last mile and other microtransit services under 
uncertainty. 

Keywords: microtransit; shared mobility; connected automated vehicle; shuttle; electrification; 
first/last mile service; risk analysis; uncertainty; economic feasibility; sustainability 

 

1. Introduction 

Urban transportation systems are undergoing three transitions. The electrification transition is 
resulting in replacing internal combustion engine vehicles with battery electric or other technologies 
that do not produce greenhouse emissions. Information technology advances are enhancing 
efficiency of system operations and management. The third transition is artificial intelligence (AI)-
supported automation in driving with expected safety and efficiency outcomes. The convergence of 
products of these three transitions have the potential to enhance microtransit services. 

Microtransit, as a shared mobility system, is receiving policy and technology attention. It is 
defined as “Privately or publicly operated, technology-enabled transit services that typically use 
multi passenger/pooled shuttles or vans to provide on-demand or fixed schedule services with either 
dynamic or fixed routing” [1]. A service of special interest in this paper is the first/last mile 
connectivity that will enable travelers to complete the first and/or last mile of their journey. 

Technical features and service types offered by microtransit are noted in the Institute for 
Research on Public Policy (IRPP) Insight [2]. The role of microtransit in various application contexts 
described in Table 1 reflects the need to fill gaps in conventional public transit system [3–6]. The on-
demand nature of service combined with special fare policies for vulnerable population can improve 
equity of access and the use of accessible vehicles can improve service for persons with mobility 
challenges [7]. 
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Table 1. Role of microtransit service. 

Role of service Description 
First/last mile travel 
 
 
Service to community 
hubs and centers 
 
New service 
 
 
Replacing 
low-performing routes 
 
Off-peak and 
weekend service 
 
Overnight service 
 
 
 
Service for specific populations 
(i.e., seniors, essential workers, 
etc.) 
 
Augmenting paratransit/ 
non-emergency transport 
services 
 
Regional 
cross-jurisdictional service 
 
 
Overcoming barriers to 
service area expansion 

Provide riders with connections to existing fixed-route transit hubs 
 
New on-demand transport (ODT) service to community points of 
interest 
 
ODT service serving specific catchment areas where no transit 
system or service exists 
 
Replace a fixed-route service during specific times with ODT 
service for a specific catchment area 
 
Replace fixed route service during specific times with ODT service 
for a specific catchment area. 
 
Provides transit service throughout an urban area during overnight 
hours when demand is very low and scheduled fixed-route service 
does not operate 
 
New ODT service serving specific populations 
 
 
 
Providing service to eligible paratransit customers who do not have 
mobility aids or devices requiring a fully accessible vehicle 
 
 New ODT service or replacing fixed route service connecting 
regional hubs across jurisdictions within a larger catchment area 
(Country or Regional scale). 
 
Utilizing ODT to enable the transit agency to expand the transit 
coverage area where a conventional fixed route service may require 
additional funding, vehicles, vehicle-kms and operator resources.  

Compiled from references [3–6]. 

Among issues in providing on-demand microtransit services are the availability of right-sized 
low-cost non-polluting vehicles and the high cost of human operator. The driver cost for an accessible 
battery electric minibus with 19 seats accounts for 43% of vehicle cost [2]. The public transit industry 
is eagerly waiting for the availability of mass-produced electric automated shuttle vehicle for 
microtransit services. This will help in filling the well-known gaps in urban public transit network, 
which are generally referred to as the absence of on-demand and flexible route microtransit service. 
Examples are noted here. In the USA, a group largely made-up of public-sector transit organizations 
are interested in introducing and advancing automated vehicle (AV) technology in their jurisdictions 
[8]. In Germany, because of an agreement between the Federal Ministry of Transport and the 
Hanseatic City of Hamburg, by 2030, there could be up to 10,000 automated shuttles on Hamburg's 
roads [9].  

Given the new and novel nature of on-demand microtransit services provided by electric and 
automated vehicles, there is a need for information on the quantification of risk in service quality and 
economic feasibility. This paper presents methods to quantify risk in these factors for use in decision 
making under uncertainty. These can be applied to first/last mile travel as well as other types of 
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microtransit services shown in Table 1. For better focus, a first/last mile service between a public 
transit hub station and a medical campus based on CAV shuttle is presented in this paper. 

This introduction is followed by a description of the microtransit system and methods for 
treating uncertainties in service planning and economic feasibility assessment. Application of 
methods is illustrated in modelling first/last mile service requirements and economic feasibility 
evaluation of investments under uncertainty. The findings of this techno-economic research, both of 
methodological nature and results, can be applied to services noted in Table 1. 

2. The Advanced Technology Microtransit System 

The formation of transportation network companies (TNCs) and shared mobility services is 
evidence of the need for on-demand mobility that cannot be met by other available services [10]. The 
increasing development and user acceptance of on-demand public transit service based on 
conventional technology vehicles indicates the need for such services in many socio-economic 
environment contexts noted in Table 1. 

However, for future use, a microtransit system should use electric and technologically advanced 
vehicles, supported by an operations, management and maintenance center (Figure 1). A high-level 
description of the system is that it would provide on-demand, frequent, right-sized vehicles to 
travelers who use an app or other method to request and pay for service. Digital technologies are 
already available to the system for offering options like route flexibility [3,4,11]. 

 
Figure 1. Microtransit system. 

2.1. Traveler  

Traveler acceptance of automated shuttle service (based on automation level 4) is a pre-requisite 
for the success of a future service. Riding in a shuttle vehicle monitored by a remote-control center 
may be viewed differently than riding in a slow speed demonstration shuttle with a technician on-
board. Therefore, traveler acceptance cannot be assumed with certainty. Available knowledge on 
acceptance of automation in driving in general, and automated public transportation in particular, 
summarized here is intended to assist designers, manufacturers, policy analysts, and planners in 
implementations that would meet the needs of all potential users. 

Literature sources noted below cover many facets of the subject of user and public acceptance of 
automated public transportation road vehicles (e.g., shuttles). Review articles suggest that more than 
sixty factors of expectation, experience, acceptance, and usage of automated public transportation 
vehicles were investigated. Frequently cited service factors include seat availability, comfort, on-time, 
schedules, fares, road safety, on-board security, and cyber security. User acceptance is also related to 
traveler personal factors, such as socio-demographics, travel habits, and personality. 

Drawing upon information obtained from demonstrations and associated surveys, contributing 
authors have researched user and public acceptance of automation in public transportation. The 
reasons frequently noted for acceptance are social, economic, and environmental benefits obtainable 
from electric automated public transportation vehicles (e.g., accessibility for handicapped and elderly 
persons, reducing the use of private automobile, potential for lower cost of travel, reduction of 

Socio-economic environment of on-demand service: Context within 
the urban, suburban, rural area (e.g., first/last mile travel) 

Electric 
automated shuttle  

Traveler Operations, asset 
maintenance, 

system 
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emissions). Concerns expressed by users and deployment-related uncertainties are also noted. 
Several authors offered advice on correcting mistakes noted in demonstration of technology and 
service for future successful implementations. 

Additional requirements of potential users include apps for interfacing with the system for the 
following purposes: dynamic reservations and route stops, announcements on expected time of 
arrival, real-time tracking information, contactless payment or other method, and future dynamic 
pricing. 

The above information on traveler acceptance of automation in driving and the use of a shared 
mobility CAV is extracted from the following references: 
• Based on demonstrations around the world, the user acceptance phenomenon is reported by 

authors from various academic disciplines. Examples include references [12–18]. 
• Review studies on public attitudes and perceptions of automated vehicles serve as a 

comprehensive source of general information [19,20]. 
• Perception of positive as well as negative attributes of automated vehicles by various potential 

user and decision-making groups are reported in general review as well as in subject-specific 
papers [21–25]. 

• Factors for trusting autonomous vehicles and intention to use are frequently described in the 
literature. Examples publications are [26–30]. 

• Perception of benefits and trust models are described in references [31–36].  
• Going beyond studies on the general acceptance of automation in driving, the following 

references cover on-demand automated shared mobility services [37–40]. 
• Human factors information extracted from surveys and obtained from acceptance models are 

described in these papers [41,42]. 
• Survey interviews conducted before and after riding a shuttle reported by a number of 

researchers are in general positive in terms of favouring automation in public transportation. 
According to the following references, passengers did not express major concerns. Models 
developed suggest intention to use automated shuttles in the future. But technical issues and 
legal liabilities worried some responders, and they wanted a clearer explanation of legal 
responsibilities in case of an accident [43–45]. 

• Insights on factors for successful implementation of automated vehicle services are described 
by the following authors [46–48]. 

2.2. Electric Connected Automated Shuttle: Technology Capabilities 

The battery electric automated shuttle (with automation level 4 capability) is intended to serve 
travelers for over 250 kms before recharge and it should have access to charging infrastructure within 
the public transit depot (garage). It should be right-sized for the intended service area and should be 
able to operate (following meeting automotive standards), in mixed traffic on urban local and arterial 
roads with maximum speed limits of 60 to 80 kms/hour [49]. 

Detailed research can identify a right-sized vehicle for a specific service area. The need for such 
investigations is supported by a survey of transit systems operating on-demand services in the USA 
that found conventional technology vehicles of 12 to 26 passenger capacity in use [50]. Reasons cited 
for using smaller vehicles (as opposed full-size buses) include lower operating costs, easier access to 
communities, acceptability in residential areas, easier navigation on narrower roads (especially for 
door-to-door service), suitable for serving low demand areas, and lower greenhouse gas emissions 
[50,51]. Other references on conventional technology vehicle size note 15 passenger capacity [5,6]. A 
study on autonomous shuttle demonstrations around the world found a range from 6 to 20-person 
capacity per vehicle [52]. Technology developers indicate that their accessible CAV shuttle will be 
able to accommodate 15 persons [49].  

In theory, there is a relationship between vehicle size and total cost of vehicle deployment per 
veh-km or per seat-km. For a service area of known attributes, the optimal size can be found by 
searching for the minimum unit total cost, which is the sum of operational-fixed cost & social-waiting 
cost. The operational-fixed cost per seat-km decreases with increasing vehicle size. On the other hand, 
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the social-waiting cost increases with vehicle size due to less frequent service offered with larger 
vehicles. 

For illustration of methods advanced in this research, the accessible shuttle would have 15 seats 
plus space for one wheelchair. However, methods advanced can be applied to other vehicle sizes.  

The automation features to be built into the CAV shuttle should include the latest fused sensor 
and mapping technologies as well as other capabilities for combining data from cameras, lidar, and 
radar. The AI-based advanced sensing and prediction system will be needed for sensing and 
predicting the dynamics of vehicle’s environment. 

The CAV shuttle is expected to meet all traveler safety, security, and comfort requirements noted 
in Section 2.1. It should be connected with system operations for routing, stops and other instructions. 
Other desired capabilities include battery management, online platform for automated reporting, in-
vehicle GPS, QR codes, Wi-Fi, information and advertisements [2,49]. The remote monitoring system 
should allow rapid response by supervisors if needed for passenger safety or roadway issue. The 
connectivity technology should interface with multimodal operation for traveler convenience [49]. 

2.3. Operations, Asset Maintenance, System Management 

The operations, asset maintenance, and system management part of the microtransit system can 
be designed to have the necessary capabilities for ensuring that safety, efficiency and traveler service 
needs are met. These include connected vehicle capability, remote supervision of all shuttle vehicles 
in the loop, optimized dispatch and routes, service management, integration with other modes, 
automated vehicle location, automated passenger counting, advanced fleet management, digital 
platform for booking on-demand ride request, contactless fare payment, other methods for 
reservation and fare payment, providing options like route flexibility, AI-assisted routing decision, 
and data management system [2–4,11,49]. The advanced technology microtransit system is expected 
to be fully supported with digital technologies.  

In accordance with the level 4 automation requirements, remote supervision capability will be a 
part of the system. The control center will be connected by a specifically designed communications 
network, for the purpose of supervising and managing CAV shuttles remotely. Using rapidly 
developing information technology, the remote monitor will be able to assist the self-driving software 
stack to make decisions regarding vehicle movement (e.g., path planning, conflict resolution) [2,49].  

3. Methods for Treating Uncertain Planning and Economic Feasibility Factors 

In planning services for potential travelers and assessing the economic feasibility of the future 
microtransit service, values of key variables cannot be predicted with certainty. The uncertain 
variables in service tactical planning are ridership during short time intervals within peak demand 
period, party size (i.e., number of travelers who prefer to travel together in a microtransit vehicle), 
and probability of seat availability with minimum delay. In the economic feasibility part of the 
research, life cycle costs and revenues cannot be predicted with certainty. Therefore, for realism in 
analyses, these variables should be analyzed with theoretically sound and well recognized methods. 

Features of applicable methods include working with a range of values of uncertain variables 
(i.e., minimum and maximum values), application of probabilities to values of variables, and if 
applicable, treating peaking of values. To operationalize methodologies, there is a need for 
probability-based macrosimulation capability. In this method, it is valid to keep values for some 
variables as constant and for other variables probability distribution functions are applied. Another 
method is to analyze the effect of selected values of variables separately. 

To meet requirements noted above, two categories of methods are applied in this research. The 
first is the probability-based Monte Carlo simulation method, recommended by major well-known 
organizations. Examples are the World Bank [53] and the U.S. Federal Highway Administration [54]. 
The second category of methods is macroscopic level sensitivity analysis that implies varying values 
of key variables and observing results. This method is in common use on its own merit, and it can be 
applied in association with the probability-based Monte Carlo simulation method. 
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As noted earlier, values of microtransit service variables that are considered stochastic are 
ridership during short intervals of time within the peak demand period, party size, and availability 
of a seat in a vehicle. In the economic feasibility part of this research, all costs are considered as 
stochastic, and their effect is studied on revenue needed for feasibility and implication for the fare to 
be charged. The probability of a value of a random service or cost variable can be represented by an 
applicable probability distribution function.  

A rectangular (also called uniform) probability distribution function and a triangular probability 
distribution function are used in this research (Figures 2 and 3). The choice of these functions is based 
on characteristics of stochastic variables. The cumulative distribution functions corresponding to 
these probability distributions are required by the Monte Carlo simulation method to randomly 
sample the probability distributions. 

The continuous uniform probability distribution function is defined by two values: the 
minimum value a and the maximum value b. This distribution represents a higher uncertainty 
regarding the phenomenon under study. It represents a family of symmetric probability distributions 
with the property that all values of the random variable such as demand for service are equally 
probable. For example, when applied to microtransit service, the demand is defined by two 
parameters, a, and b, which represent the range set by the analyst. In scientific terms, this probability 
distribution is considered as the maximum entropy probability function for a stochastic variable 
denoted as X [55]. 

 
Figure 2. Uniform probability distribution function. 

 
Figure 3. Triangular probability distribution function. 

The continuous uniform probability distribution function has the following statistical 
characteristics.  

Probability density function: P(X) = 1/(b-a) for X ϵ |a,b| and 0 otherwise (1)
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Mean: ½(a+b) (2)

Median: ½(a+b) (3)

Mode: any value in (a,b) (4)

The continuous triangular probability distribution function is defined by three values: the 
minimum value a, the maximum value b, and the peak (i.e. the mode or most likely) value c. Due to 
the following characteristics, this probability distribution function has been widely applied. In real-
life problem-solving conditions under uncertainty, the analyst is likely to estimate the maximum and 
minimum values, and the most frequent outcome. An analyst can specify these values without 
knowing the mean and the standard deviation of the values of the variable of interest. These statistics 
are difficult to obtain. Also, this function enables the analyst to bypass the assumed extreme values 
due to definite upper and lower limit. Further, another desirable feature of this function is that it 
enables the treatment of skewed probability distributions [55].  

The main statistics of the triangular probability density function are noted below. 

P(X) = 2(X-a)/[(b-a)(c-a)] (5)

for a ≤ X ≤ c and 

2(b-X)/[(b-a)(b-c)] for c ≤X≤ b 

Also, P(X) = 0 for X<a and X>b  

where c ϵ |a,b| is the mode (6)

The mean is 1/3[(a+b+c)] (7)

For applying the method, elements of the well-known Monte Carlo simulation are adapted. An 
introduction to simulation and Monte Carlo methods is provided by Rubinstein and Kroese [55]. 
Characteristics of probability distribution functions and their suitability for various applications are 
described by Evens et al. [56]. 

The process for the study of the interaction of stochastic demand and service supply factors is 
shown in Figure 4. This process is also applied to study economic feasibility under uncertainty. 
Simulation results enable inferences on service adequacy or deficiency. Likewise, the balance of 
stochastic costs and revenue are simulated using this method. 

 
Figure 4. Simulation of meeting demand with available supply of service or economic feasibility 
factors. 

• Demand for service or 

monetary resources 
• Probability distribution 

• Available supply 

• Probability distribution 

Simulation  

Probability of meeting demand with available 

supply  
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 Following the completion of a specified number of runs, the probability of meeting the service 
demand or the economic feasibility requirement is computed. The methodology has the capability to 
treat uniform, triangular or other distribution functions. Other distributions are not applied in this 
research. Also, constant values of a variable can be included in simulations. While applying the 
method, different random number streams can be defined. 

 The probability-based macrosimulation approach was previously used by Khan [57] in shared 
mobility models that estimate vehicle and seat availability to a subscribing customer or group of 
customers. The balancing of demand and supply of fast chargers for electric vehicles under 
uncertainty was also studied with these models. 

4. First /last Mile Service Planning under Uncertainty 

4.1. Defining the Need for Microtransit 

At the city/region level, demand can be estimated for travel to activity centres (e.g., medical and 
education campuses) using well developed models. At this macro level, trip generation rates for 
various trip purposes are estimated from origin-destination (OD) or other special surveys. From these 
data, trip desire lines are drawn. Following the calibration of a trip interchange model, it is used to 
forecast trips from various zones to an activity centre. These estimates reflect peak travel time and 
24-hour (overall) travel demand. Next, modal split models are used to find how such trips are made 
(i.e., via private vehicle, public transit, etc.). 

The public transit trips for desired purposes (e.g., visiting a medical facility) can be served with 
available modes, namely bus transit, rail transit, and paratransit. In the context of first/last mile 
service, following the estimation of demand for travel by public transit, (e.g., light rail or bus rapid 
transit), the closest and most convenient station can be identified for a specific activity centre. 
Following disembarking from the rapid transit service at a station, there is the need for a vehicle to 
transport travelers to their exact destination. After the completion of their visit to the activity centre, 
transportation is required to take travelers back to the public transit station. 

The travel from the study area to the public transit station, commonly known as the “first mile” 
trip needs improved service. Likewise, travel from the public transit station to the activity centre, the 
“last mile” trip, is also poorly served due to well known gaps in public transit service. Taxis or TNC 
services (e.g., provided by UBER) can be costly and therefor out of reach for most or at least many 
travelers. Fixed route bus public transit with low frequently service is usually offered using high-
capacity buses. 

In many service contexts, there is a need for an affordable microtransit shuttle that can also 
accommodate on-demand flexible routing. Technology forecasts suggest that robo-shuttles are likely 
to be deployed soon in urban areas [58]. These forecasts are consistent with interest in many countries 
to implement electric CAVs for microtransit service [49].  

The shuttle vehicles can be sized to best match the demand at short intervals of time (e.g., 5 to 
15 minutes). Also, these vehicles can be designed to accommodate the physically challenged travelers 
who travel in a wheelchair. Another requirement for the “first/last mile” journey is to accommodate 
parties of various sizes. The rationale for this consideration is that some time, a person visiting a 
medical facility for health reason may be accompanied by family members or friends. 

4.2. Service Features  

A microtransit first /last mile service network, shown in Figure 5, that is to be served with 2030 
technology is used for illustration of methods described above. It consists of six nodes, served by on-
demand and flexible route shuttle vehicles. Node 1 is the public transit hub station which serves 
travelers from the overall urban area who require service to and from medical campuses. Node 2 is a 
medical building that generates relatively low demand as compared to nodes 3 to 6 and therefore it 
is a candidate for on-demand service. Service to all nodes is on-demand in the evening and at night. 
Residents of the low-density land use in the vicinity of nodes 2 to 6 can use the microtransit service. 
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This example system has all realism features, but it is analyzed without geographic and institutional 
labels so to maintain flexibility of application in any urban area.  

 
Figure 5. First/last mile travel network. 

Based on the information presented in Section 2.2, the accessible CAV shuttle in this illustrative 
microtransit service has 15 seats plus space for one wheelchair. According to a City of Buffalo (USA) 
study that included service improvement for the Buffalo Niagara Medical Campus, 16% of Buffalo 
residents have disabilities [59]. In this research, 3% of microtransit users are in wheelchair and there 
is space for one wheelchair in each shuttle. Other persons with disabilities can use paratransit and 
other available services. The route length of 7-8 kms has links with posted speed of up to 60 kms/h 
used by mixed traffic. The end-to-end travel time is 16-19 minutes. The average occupancy of the 15-
seat capacity vehicles is 60% and 20% of runs do not have occupants (i.e., 80% of runs are occupied). 
Therefore, for economic feasibility study, the year level occupancy is 48%. 

At the rapid transit station designated as Node 1, during peak period, the demand for travel to 
nodes 2 to 6 can vary from 20 to 40 persons per 5 minutes and there can be a traveler in a wheelchair. 
At nodes 2 to 6, the demand per short time intervals can vary from zero to 15 persons. Persons who 
visit medical facilities are commonly accompanied by another person or persons and wish to travel 
together in the automated vehicle. Therefore, prediction of party size is of interest. Given the 
uncertain demand and service supply characteristics, it is necessary to study these variables as 
stochastic. 

4.3. Treating Travel Demand, Seat Availability, and Party Size as Stochastic 

The random nature of first/last mile travel demand per short time intervals, availability of seat, 
and party size are modelled using methodologies described in Section 3. After dropping off travelers 
to their destinations, they are served at these stops for return journey to the rapid transit station. Once 
again, the demand at each station and party size are stochastic. In some instances, some travelers may 
require service to go from one medical building to another. 

It is intended to offer travelers seats with minimum waiting time. Therefore, the balance of seat 
demand and supply is studied under uncertainty. That is, for traveler convenience, the probability of 
seat availability at a station during short time intervals is intended to be favourable. The methodology 
enables the prediction of seat availability.  

The arrivals at Node 1 during a 5-minute interval during peak travel period are simulated using 
the uniform probability distribution function. For the 20 to 40 traveler range, the probability of 
demand per 5-minute interval is shown in Figure 6. Although the uniform probability distribution is 
applied for simulating the arrivals, the random number-based sampling produces high probabilities 
for demand in the central part of the 20-40 arrivals per 5-minutes. Many simulations resulted in 
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expected arrivals (mean) of 30.1 persons and the average St. deviation is 5.67. These are based on the 
following 3 runs of 100 simulations each (29.37 & 5.41, 29.98 & 5.39, 30.96&6.21). 

At Node 1, the expected arrival of 30 travelers per 5-minute interval during the peak demand 
period calls for the availability of 2 shuttle vehicles to transport them to Nodes 2 to 6 and return to 
Node 1 for another cycle of service.  

 

Figure 6. Stochastic demand at public transit hub station Node 1 (based on uniform probability 
distribution function) (a=20, b=40). 

Using the availability of two shuttle vehicles to serve demand during a 5-minute peak load 
implies the availability of 30 seats. The travelers arriving in wheelchairs use available dedicated space 
in each vehicle. For the probability of seat availability calculations, 30 seat availability is applied in 
simulations. The mean value of expected arrivals obtained from the uniform probability distribution 
is 30 travelers (Figure 6). Although the demand for and supply of seats are both equal to 30, due to 
stochastic arrival phenomenon, the probability of seat availability is checked again. Simulations of 
seats needed versus availability produces the following results: 

Expected mean value of extra seats (i.e., available seats – seats demanded) = 0.77 (approximately 
1). 

P(seat availability) = 0.55, which is satisfactory for peak period travel experience. 
The availability of a seat at Nodes 2 to 6 was simulated using the uniform probability 

distribution function. In this case, both demand for and supply of seats in a vehicle with 15-seat 
capacity were treated as stochastic. The range for demand as well as supply of seats were set as 0 to 
15. Zero seat supply implies that all seats are occupied. Results are presented in Figure 7. The x-axis 
represents the difference of available seats and demand for seats. The y axis shows the probability of 
seat availability. The regression equation represents probability of seat availability as a function of 
the difference of available seats and seats needed. A high value of R2 suggests a strong calibration of 
the equation. In scheduling service, the operations personnel can benefit from the use of the 
regression model so that travelers are offered a high probability of accessing seats in a vehicle at 
Nodes 2 to 6.  
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Figure 7. Probability of seat availability (based on uniform probability distribution function a=0, 
b=15). 

The party size was simulated using uniform probability distribution function. The results 
presented in Figure 8 suggest that a party size of 2 persons is more likely than other sizes. A single 
traveler is more likely to demand service than a 3- person party and the party size of 4 persons has 
almost zero probability. These results are useful for scheduling shuttle vehicles so that party sizes of 
two and three will be able to access seats without much delay.  

 

Figure 8. Party size (based on uniform probability distribution) (a=1, b=4). 

4.4. Fleet Size 

 Fleet size is estimated using shuttle operation model applied to peak travel condition. The 
variables are vehicle departures per time interval to meet demand at the starting location (i.e., Node 
1), vehicle capacity, and round-trip travel time. 

F = q(Trt) (8)

where 
F is the fleet size (vehicles) 
q is departures/ hour, based on demand and vehicle capacity 
Trt is round trip time, obtained from simulation of operations or estimated from route length 

and average speed.  
For the microtransit service based on shuttle vehicle with route flexibility for serving on-demand 

requests, the following are the inputs to the model. For route length of 7 to 8 kms, the one-way travel 
time is between 16 and 19 minutes -- 18 minutes is used.  

Round trip time Trt based on 18 minutes/direction = (2)(18 minutes/direction) = 36 min 
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R² = 0.838

0

0.2

0.4

0.6

0.8

1

-5 0 5 10 15

y=
P(

x>
0)

x = (available seats- seats needed)

y=P(x>0)

0

0.1

0.2

0.3

0.4

0.5

1 2 3 4

P(
Pa

rt
y 

si
ze

)

Party size

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 November 2024 doi:10.20944/preprints202411.1624.v1

https://doi.org/10.20944/preprints202411.1624.v1


 12 

 

Demand /hour = (30 arrivals/5 minutes) (12) = 360 travelers/hour 

Although on an urban area level, 16% of population can have disabilities [59], in this microtransit 
first/last mile service, 3% of travelers use wheelchairs and there is space for one wheelchair in every 
shuttle. The number of departures is estimated based on 15 seats per vehicle. .  

Departures q = 360/15= approx. 24 departures/hour 

F = q(Trt) = (24)(36/60) = 14.4, rounded to 15 vehicles  

Fleet size with spares = 15 + 2 spare vehicles = 17 vehicles. 

In calculating operational costs, 15 vehicles are used, but capital cost of vehicle acquisition is 
based on 17 vehicles. 

5. Economic Feasibility Factors 

5.1. Information Requirements for Life Cycle Economic Analysis Under Uncertainty 

The following information is required for a public sector microtransit project economic 
feasibility computation: capital cost of vehicles and salvage values; capital cost of infrastructure; cost 
of yearly vehicle operation, maintenance, and management; yearly asset maintenance cost; yearly 
cost of system management; number of years for life cycle analysis; interest/discount rate for capital 
recovery computations expressed as minimum acceptable rate of return (MARR) (free of inflation). 

For private sector investment in microtransit system, the following additional information is 
required: depreciation allowance (also called capital cost allowance CCA); company tax rate; 
allowing interest on debt to lower taxable income; and after-tax MARR (free of inflation).  

5.2. Capital Costs of Vehicles and Infrastructure 

Electric level 4 automated shuttle vehicles for use in 2030 will not be in the market for a few more 
years. Most available literature sources show the high cost of demonstration vehicles which are not 
applicable to the 2030 market. Examples include [44,60]. Two detailed studies report cost information 
that is used in this research because their estimates are obtained from “building the CAV from ground 
up”. One is a study on economic assessment of autonomous electric microtransit vehicles for 2030 
service in Singapore [61]. This reference describes life cycle costs of a 30-passenger capacity vehicle. 
Another source is a study on cost of an electric minibus with 20 seats using European costs for 
components [62]. The authors of this paper make frequent references to Swiss sources, but the 
detailed information is equally applicable to other locations. 

Although these two future vehicles are larger than the 15-seat capacity shuttle vehicle (with 
additional space for a wheelchair) of interest in this research, there are many design features of the 
2030 CAV shuttle that are common with the 20-seater and the 30-seater capacity vehicles investigated 
by other researchers (e.g., accessibility and comfort requirements, power needed for travel at 
maximum posted urban arterial speed, the structural design of vehicle to meet the standards in Noth 
America and elsewhere). 

The cost of the vehicle reported in [61] is in 2017 Singapore dollars. Using exchange rates and 
CPI index, the cost was converted to 2023 Canadian dollar (CAD). The 2030 price/vehicle expressed 
in 2017 Singapore dollars is 140,000 and in 2023 CAD it amounts to $174,000/vehicle. The cost of the 
20-seater vehicle reported by [62] in 2016 Swiss Francs (CHF) is 70,000. Using CPI index and exchange 
rates, the capital cost of this vehicle in 2023 CAD is 118,500. It is assumed that the accessible electric 
level 4 automated shuttle analyzed in this research with 15-seat capacity (plus space for one 
wheelchair) will cost about as much as the Swiss vehicle due to higher design standards and ample 
space needed for accessibility and passenger comfort. 

In risk analyses described in Section 6, the base case uses $118,500/vehicle (2023 CAD). The cost 
multipliers of 1.25 and 1.5 are used to account for uncertainty in the cost of the shuttle vehicle even 
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with fleet discount offered by the manufacturer. The multiplier of 1.5 results in the capital cost of a 
vehicle as $177,750 (2023 CAD). This high estimate exceeds the cost of the Singapore concept vehicle. 

Based on system operation consideration, vehicles will be used for 57,000 kms/vehicle/year for 
5 years and will be replaced with new vehicles for use during years 6 to 10. The base case cost of the 
17-vehicle fleet is 2,014,500 (2023 CAD) (at fleet discount price) and the fleet renewal will cost the 
same in 2023 constant CAD. The salvage value of the fleet is set at one-tenth of the purchase price. 
The salvage values will materialize at the end of years 5 and 10 of service.  

Capital cost for infrastructure items (in 2023 CAD) are as follows: kiosks and control system 
$113,000; five chargers including in-depot installation $511,000;, infrastructure construction and 
installations $1,800,000. Kiosks will be placed at each station (to be used for ticket purchase and 
information). The infrastructure construction tasks include building stations/stops, and the control 
system room. The estimated infrastructure cost includes installations of kiosks, and control system 
items.  

5.3. Yearly Operation, Maintenance, Management Costs 

Vehicle operation and maintenance (O&M) costs per veh-km shown in Figure 9 are based on 
information reported in references [2,61,62]. These include, in the decreasing order of magnitude, 
costs of vehicle maintenance, vehicle fleet management (an overhead item), power (electricity), 
cleaning, insurance, and tires. Using an estimated 57,000 kms/vehicle/year in association with the 
unit costs, the vehicle O&M costs/year for the electric CAV fleet are compiled. The yearly costs for 
asset maintenance and system management amount to $450,000/year (in 2023 CAD). Based on cost 
analysis for the 15-seat capacity (plus space for wheelchair) CAV electric shuttle, the $/vehicle-km is 
$1.21and $/seat-km is $0.08 (in 2023 CAD).  

 

Figure 9. Vehicle operation, maintenance, and management costs. 

5.4. System Level Cost of Microtransit Service 

Since elements of the life cycle costs occur throughout the 10-year life of the system, the time 
value of money is accounted for using the MARR of 5% (real) for cash flow analysis. As noted earlier, 
all dollars in this paper are represented in 2023 constant Canadian dollar (CAD). To compute system 
level life cycle cost of the microtransit service, all cost items are converted to equivalent annual costs 
(EAC) and are adjusted for salvage values (which are negative costs). The theoretical base for the 
process and equations can be viewed in an engineering economics book [63]. The computations 
described next are based on 10 years of service life and MARR of 5% (real). The MARR expressed in 
real dollars allows life cycle constant dollar computations (which do not include inflation).  

The process for converting capital costs incurred at the outset of service initiation into EAC uses 
the capital recovery factor which applies the MARR of 5% (real) to account for the time value of 
money. Capital costs that incur at the beginning of year six (i.e., vehicle fleet replacement costs) are 
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expressed first in their present worth and then converted to EAC. Likewise, the salvage dollars 
(negative costs) that occur at the end of year 5 are first converted to their present worth and then are 
converted to equivalent annual worth (EAW), which are negative costs. The salvage dollars that occur 
at the end of year 10 are converted to their EAW directly with the use of an available equation for this 
purpose [63]. The annual costs (in constant dollars) that are as expressed uniform series are already 
in their equivalent annual cost terms. 

The system costs computed using 10 years of life and MARR of 5% (real) are presented in Table 
2 and their percentage shares out of total are illustrated in Figure 10. Based on the cost information 
described above, the overall system level cost for first/last mile service is $2.10/veh-km and $0.14/seat-
km (in 2023 CAD). These 2030 system costs are presented in 2023 constant Canadian dollar. 

Table 2. Equivalent annual costs of microtransit service(2023 Canadian dollar) . 

Cost item 
Equivalent annual cost 
(2023 CAD) Percent (%) 

Vehicle O&M 
System O&M, management 
Vehicle capital cost 
Infrastructure construction, installation 
Chargers (including installation) 
Kiosks & Control system 

 

615,600 
450,000 
419,107 
233,108 
66,177 
14,634 

1,798,626 

34.23 
25.02 
23.3 
12.96 
3.68 
0.81 
100 

 
Figure 10. System cost components. 

In comparison, for a non-automated 19-person capacity accessible electric minibus currently 
used for on-demand microtransit service in Canada, the vehicle cost alone is $2.99/vehicle-km and 
$0.16/seat-km (in 2018 CAD) [2]. The cost items included in compiling these unit costs for the minibus 
are capital cost of the vehicle, power (electricity) cost, maintenance, and driver cost [2]. As previously 
noted, for the electric non-automated minibus, 43% of cost is accounted for by the driver cost. Also, 
another reason for cost difference is that the minibus reflects early 2020 technology and general 
shortage of suppliers of electric minibuses in the market. 

5.5. Revenue Estimation 

Since the first/last mile service is a public microtransit service, the commonly applicable sources 
of revenue can be considered. These include fares paid by users, funds obtained from advertisements, 
and government subsidies. In this research, the first two sources are of interest. The advertisement 
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revenue is estimated as $75,000/year. For computing revenue from travelers, quantification of 
travelers/year is required. Estimates developed show 851,290 passengers/year, who travel 
approximately 7 kms/trip. The rationale for this estimate is as follows. Although on a yearly basis, 
3% of travelers are in wheelchairs, these do not reduce the 15-seat capacity of the shuttle. Based on 
vehicle-kms travelled by 15 vehicles, the average distance travelled per traveler, 80% occupied runs 
(i.e., at least one seat is occupied), and average 60% occupancy level, the number of passengers is 
estimated to be 851,290/year. 

In the base case for the public microtransit project, the total revenue required is $1.8 million for 
obtaining the minimum rate-of-return (ROR) of 5.0% (real). Removing 75,000 advertisement revenue, 
$1.725 million revenue is to be obtained from fares. This results in $2.03 per passenger – rounded to 
$2.05 per passenger (2023 CAD). Using $2.05 per passenger, the revenue becomes $1,820,145. Further 
information on fare and revenue factors is presented in the following section.  

6. Economic Feasibility of Public Sector Service Under Uncertainty 

 For economic feasibility, several criteria are applicable: the rate-of-return (ROR) higher than the 
MARR, positive net present worth (NPW), positive net equivalent annual worth (EAW) [63]. The rate 
of return (ROR) is the interest rate that will result in present worth of all costs equal to present worth 
of revenue. That is, the ROR can be calculated by equating the net present worth (NPW) of cash flow 
to zero and solving for the interest rate that allows the equality. For feasibility, the ROR should exceed 
the MARR. Using the other criteria noted above, a positive result is necessary for feasibility when 
cash flows are computed using the MARR as the interest rate. In this paper, the ROR results are 
highlighted, but NPW results are used as well in feasibility computations. 

In describing the economic feasibility part of this research, a base case is the starting point for 
the public ownership system. That is, all costs are paid by the public transit agency. Next, six risk 
analysis cases are presented that show results of probability-based macroscopic simulation method 
and application of 1.25 & 1.5 multipliers to all cost items. The minimum revenue and fare per 
passenger are computed for a feasible service. Figure 11 shows required inputs, computations and 
outputs for the public sector service feasibility analysis and Table 3 presents the inputs and results. 

 

Figure 11. Public sector service feasibility analysis. 

In the base case, for probable feasibility (i.e., P(NPW>0) & P(ROR>MARR of 5%)), the fare per 
passenger is $2.05. This base case is followed by six risk analysis cases with the aim to account for 
uncertain costs and impact on fare per passenger. Risk case 1 applies the triangular probability 
distribution function to costs that represent: base case cost (as low estimate), high estimate (1.25x base 

 

INPUTS: Project life; life cycle costs; minimum acceptable real rate-

of-return; capital costs; salvage; yearly operations, maintenance and 

management costs; yearly revenue.  

COMPUTATIONS: year-by-year constant dollar analysis of net revenue; 

financial risk analysis  

OUTPUTS: Rate-of-return (real), Net present worth (NPW), Net 

equivalent annual worth (EAW)  
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case cost), and average of these is used as the mode. These cost escalations are applied to all costs and 
salvage values are adjusted accordingly. Simulation results are used to find minimum revenue and 
corresponding fare per passenger. As expected, the minimum revenue and fare must increase 
because of cost increases. Risk case 2 uses the minimum and maximum cost estimates for uniform 
probability distribution function-based simulations. Given that the uniform probability distribution 
represents a higher level of uncertainty, the minimum revenue and fare per passenger are higher than 
for Risk case 1 (the triangular probability distribution case). 

Risk case 3 is based on costs that are 1.25xbase case costs. Here, this level of uncertainty is treated 
as highly likely with probability of 1.0. The results show further increases in minimum revenue and 
corresponding fare for a feasible service. Risk case 4 is like Risk Case 1 except the maximum cost is 
obtained with 1.5xbase case cost. The triangular probability distribution function simulation results 
show further increases in minimum revenue and fare per passenger for feasibility. Risk case 5 is like 
Risk case 2 (the uniform probability distribution case), except the maximum costs are 1.5 times the 
base case costs. Results show further increases in minimum revenue and fare. Risk case 6 is like Risk 
case 3, except the costs are 1.5 times the base case costs. This highest uncertainty case shows 49.0% 
increase in minimum revenue and 51.2% increase in fare/passenger as compared to the base case 
condition.  

Table 3. Public sector investment risk analysis (2023 CAD). 

Analysis 
case 

Capital 
costs ($) 

Operation, 
maintenance, 
management 
costs ($)/year 

Salvage 
($) 

Minimum 
revenue for 
P(NPW>0) 
($)/year 

Fare($)/  
passenger 

Public sector 
Base case 
 
Risk Case 1 
Triangular 
probability 
distribution  
 
 
 
Risk Case 2 
Uniform 
probability 
distribution 
 
Risk Case 3 
 
Risk case 4 
Triangular 
probability  
distribution 
  
 
 
Risk Case 5 
Uniform 
probability 
distribution 
  

 
6,016,921 

 
Low 

6,016,921 
Mode 

6,769,036 
High 

7,521,151 
 

Low 
6,016,921 

High 
7,521,151 

 
7,521,151 

 
Low 

6,016,921 
Mode 

7,521,151 
High 

9,025,382 
 

Low 
6,016,921 

High 
9,025,382 

 

 
1,065,600 

 
Low 

1,065,600 
Mode 

1,198,800 
High 

1,332,000 
 

Low 
1,065,600 

High 
1,332, 000 

 
1,332, 000 

 
Low 

1,065,600 
Mode 

1,332,000 
High 

1,598,400 
 

Low 
1,065,600 

High 
1,598,400 

 

 
458,561 

 
Low 

458,561 
Mode 

515,880 
High 

573,201 
 

Low 
458,561 
High 

573,201 
 

573,201 
 

Low 
458,561 
Mode 

573,201 
High 

687,841 
 

Low 
458,561 
High 

687,841 
 

 
1,820,145 

 
2,117,800 

 
 
 
 
 
 

2,174,000 
 
 
 
 

2,260,452 
 

2,500,000 
 
 
 
 
 
 

2,561,000 
 
 
 
 

 
2.05 

 
2.40 

 
 
 
 
 
 

2.47 
 
 
 
 

2.57 
 

2.85 
 
 
 
 
 
 

2.92 
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Risk Case 6 9,025,382 1,598,400 687,841 2,712,542 3.10 

7. Shifting Risk to Private Sector 

Given the uncertainty in capital and operation costs, and the commonly experienced lack of 
monetary resources available to a public transit agency, research on the role of private sector 
investment in the first/last mile service may be of interest to an urban government. Shifting risk from 
public to private sector is commonly practiced in transportation investment decisions. A private 
sector entity may be keen on exploring the ROR obtainable with the use of two favourable factors. 
The first is capital cost (depreciation) allowance (CCA) that reduces taxable income. The second is to 
allow the use of interest paid on repayment of a loan acquired by the private sector entity to reduce 
taxable income. Figure 12 presents the inputs, computations and outputs for private sector 
investment analysis. It is assumed that the public transit agency will allow the use of its depot for 
setting up the control centre, battery charging, and storing vehicles. Otherwise, all capital and 
operating costs will be paid by the private investor. 

 
Figure 12. Private sector investment analysis . 

Table 4 shows the public sector base case for reference. In this case fare per passenger is $2.05 
(CAD 2023) and the ROR is 5.8% which exceed the MARR of 5% (real). Two private sector investment 
analyses are presented which are based on capital and operating costs that are identical to the public 
sector case. Also, revenue and associated fare are kept at the same level as in the public sector base 
case. 

In the first private sector investment study, no loan is assumed. Due to capital cost allowance, 
the taxable income is reduced and consequently, the ROR increases to 6.0% (real). In the second 
private sector analysis case, a loan of $3 million is assumed, to be repaid at 7% (real) interest. In this 
case, without increasing minimum revenue and fare/passenger, the after-tax ROR improves to 9.3% 
(real) due to reduction of taxable income caused by depreciation (i.e.,CCA) allowance and interest on 
loan. The allowable depreciation and corporate tax are based on Canada Revenue Agency guidelines, 
which are in general like those of U.S. Internal Revenue Service guidelines. Given the prospect of 
these favourable after-tax ROR outcomes which exceed the MRR of 5% (real), the private sector entity 
may be interested in investing in the first/last mile microtransit service under uncertainty.  

 

INPUTS: Project life; life cycle costs; minimum acceptable real 

after-tax rate-of-return; company tax rate, capital costs; salvage; 

yearly operations, maintenance and management costs; 

depreciation allowance, loan repayment analysis, yearly revenue.  

COMPUTATIONS: year-by-year constant dollar analysis of after-tax net revenue  

OUTPUTS: After-tax 

 Rate-of-return (real), Net present worth (NPW), Net equivalent 

annual worth (EAW)  
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Table 4. Private sector investment analysis (2023 CAD). 

Analysis case Capital cost 
($) 

Operation, 
maintenance, 
management 
costs ($/year) 

Salvage ($) Revenue 
($/year) 

Rate-of-
return 
(ROR real) 

Public project 
Base case 
(MARR 5% 
real) 
 
 
Private sector 
project 
(After tax 
MARR 5% 
real) 
 
 
No loan 
option 
 
 
 
 
Loan of $3M @ 
7% (real) 
interest rate 

 
Initial  
 4,438,500 
Beginning of 
year 6  
 2,014,500 
 
 
 
 
 
 
Initial capital 
 4,438,500 
Beginning of 
year 6 
 2,014,500 
 
Initial capital 
 4,438,500 
Beginning of 
year 6 
 2,014,500 

 
1,065,600 

 
 
 
 
 
 
 
 
 
 

1,065,600 
 
 
 
 
 

1,065,600 

 
End of yr 5 
201,450 
End of yr 10 
2,014,500 
 
 
 
 
 
 
 
End of yr 5 
201,450 
End of yr 10 
2,014,500 
 
 
End of yr 5 
201,450 
End of yr 10 
2,014,500 
  

 
1,820,145 

 
 
 
 
 
 
 
 
 
 

1,820,145 
 
 
 
 
 

1,820,145 

 
5.8% 

 
 
 
 
 
 
 
 
 
 

6.0% 
 
 
 
 
 

9.3% 

NOTE: Fare/per passenger $2.05 (CAD 2023). 

8. Discussion 

This techno-economic research on future advanced technology microtransit first /last mile 
service advances methods for treating uncertainty in planning and economic feasibility variables. The 
rationale for the necessity to address uncertainty is explained in applicable parts of the paper and is 
briefly summarized here.  

Although technology and service demonstration of the automated shuttles around the world 
continue to suggest generally positive user experience, the acceptance of travelers to travel in a future 
remotely monitored CAV is uncertain. Technology advances are likely to result in safe and secure 
travel, but the service attributes such as availability of seat in a vehicle without delay is uncertain. In 
this research, the interaction of demand and service supply factors is studied by treating uncertainties 
in demand, party size, and availability of seat in the vehicle. Likewise, due to the absence of an in-
service mass-produced CAV shuttle of desired specification, data on acquisition and operation costs 
are not available. Basing economic feasibility study on the high cost of present generation 
experimental shuttles can produce misleading results. 

The approach to economic feasibility study is based on life cycle analysis while treating 
uncertainties in costs and revenue estimates. The capital and operating costs are sourced from 
investigations that used the approach to “building the CAV shuttle from ground up” and factored-
in cost reduction obtainable from mass production. Also, fleet discount is applied while procuring 
technology. The results provide details on rate of return under uncertainty and user fare implications. 
The role of the private sector is studied in terms of shifting risk from public to private sector. 
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9. Conclusions 

Technology forecasts suggest that level 4 CAV shuttles are likely to be mass produced within a 
few years for deployment in microtransit services. The availability of these advanced technology 
vehicles will offer opportunities to public transit agencies to fill gaps in public transit system. To avail 
opportunities, methodological advances and data will be needed to overcome uncertainties. This 
paper describes and illustrates methods for treating uncertain planning and economic feasibility 
factors that can potentially be used by public transit agencies for their studies on future CAV-based 
microtransit services such as the first/last mile service illustrated here. In addition to methodological 
contributions, the results can be used as a starting point for future studies.  

Several stakeholders can potentially benefit from this research. For the information of public 
transit agencies and the traveling public, this research shows that gaps in transit services can be filled 
with economically feasible sustainable microtransit service (e.g., first/last mile travel needs can be 
met). Planners and operations personnel can use the techno-economic methods illustrated in this 
paper for treating uncertain factors in their studies. Government agencies can be guided regarding 
how much to invest under uncertainty for obtaining a socially responsible ROR while offering 
affordable fares to users of service. Technology developers and vendors can study shuttle sale and 
fleet discount tactics. Private sector entities may wish to know if their desirable ROR can be obtained 
while meeting fare guidelines of urban public transit agencies. 

Data Availability Statement: Data are included in this paper. 
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